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ABSTRACT Hepatocyte growth factor/scatter factor
(HGF/SF) is a mesenchymally derived, multifunctional para-
crine regulator possessing mitogenic, motogenic, and morpho-
genetic activities in cultured epithelial cells containing its
tyrosine Kkinase receptor, Met. c-met has been implicated in
oncogenesis through correlation of expression with malignant
phenotype in specific cell lines and tumors. Paradoxically,
however, HGF/SF can also inhibit the growth of some tumor
cells. To elucidate the oncogenic role of HGF/SF in vivo,
transgenic mice were created such that HGF/SF was inap-
propriately targeted to a variety of tissues. HGF/SF trans-
genic mice developed a remarkably broad array of histologi-
cally distinct tumors of both mesenchymal and epithelial
origin. Many neoplasms arose from tissues exhibiting abnor-
mal development, including the mammary gland, skeletal
muscle, and melanocytes, suggesting a functional link between
mechanisms regulating morphogenesis and those promoting
tumorigenesis. Most neoplasms, especially melanomas, dem-
onstrated overexpression of both the HGF/SF transgene and
endogenous c-met, and had enhanced Met kinase activity,
strongly suggesting that autocrine signaling broadly promotes
tumorigenesis. Thus, subversion of normal mesenchymal-
epithelial paracrine regulation through the forced misdirec-
tion of HGF/SF expression induces aberrant morphogenesis
and subsequent malignant transformation of cells of diverse
origin.

Hepatocyte growth factor/scatter factor (HGF/SF) is charac-
terized as a multifunctional cytokine based on its ability to
stimulate proliferation, movement, and/or morphogenesis of a
wide variety of cultured epithelial cells expressing the tyrosine
kinase receptor encoded by the c-met protooncogene (1-6).
Whereas HGF/SF is expressed in a multitude of mesenchy-
mally derived cells, Met expression has been detected in the
epithelium of almost all tissues, indicating that under normal
physiological conditions HGF/SF functions almost exclusively
as a paracrine regulator (7, 8). During development, HGF/SF
is expressed in distinct mesenchymal embryonic tissues lying in
close proximity to Met-expressing epithelium, including the
olfactory mucosa of the nasal cavities, somitic myogenic
precursors, and the embryonic spinal cord, suggesting that the
HGF/SF-Met signal transduction pathway helps mediate mes-
enchymal-epithelial interactions in vivo (9, 10). In addition, it
has been shown in vitro that paracrine HGF/SF stimulation is
required for appropriate mammary gland development (11,
12). Recent genetic studies have directly demonstrated a
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requirement for the HGF/SF-Met signaling pathway in nor-
mal development. Mouse embryos carrying null mutations in
both HGF/SF alleles demonstrated impaired liver and pla-
cental development and died in midgestation (13, 14). Fur-
thermore, c-met null mutant mouse embryos had skeletal
muscle defects of the limbs and diaphragm, indicating that Met
plays an important role in skeletal muscle development (15).

Met has also been implicated in oncogenesis. c-met was first
identified as a protooncogene through its ability to transform
NIH 3T3 cells as a rearranged gene fusion in which c-met
coding sequences were juxtaposed with the translocated pro-
moter region (16, 17). c-met has also been shown to be
inappropriately expressed in diverse human and mouse tumors
including melanomas, rhabdomyosarcomas, hepatomas, and
carcinomas of the breast (18-26). The c-met gene is amplified
in some carcinomas of the gastrointestinal tract (22, 27).
Moreover, coexpression of HGF/SF and Met has been iden-
tified in a variety of transformed cultured cells and in some
tumors (23, 28-30). In some cases HGF/SF-Met overexpres-
sion has been correlated with tumor progression and/or
metastasis (20, 24-26, 28). Together, these studies have sug-
gested that the creation of HGF/SF-Met autocrine loops can
be intimately associated with neoplastic transformation. Par-
adoxically, however, HGF/SF has also been reported to inhibit
the growth of certain carcinoma cell lines (31, 32).

To elucidate the in vivo role of HGF/SF in tumorigenesis,
we have generated transgenic mice in which robust expression
of a mouse HGF/SF cDNA was broadly targeted to a wide
variety of tissues using the mouse metallothionein (MT) gene
promoter and 5’ and 3’ genomic flanking sequences. Previ-
ously, we reported that these transgenic mice exhibit ectopic
skeletal muscle and melanocytes in the central nervous system,
suggesting that HGF/SF possesses scatter activity in vivo and
can function as a true morphogenetic factor by regulating
migration and/or differentiation of select populations of myo-
blasts and neural crest cells during embryogenesis (33). Here
we show that the establishment of HGF/SF-Met autocrine
signaling loops induces diverse tumorigenesis in a wide variety
of tissue types, many of which demonstrate associated devel-
opmental abnormalities.

MATERIALS AND METHODS

Transgenic Mice. MT-HGF/SF transgenic mice were gen-
erated on an albino FVB/N background as described (33). An
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MT-1 promoter was chosen to drive expression of a mouse
HGF/SF cDNA. MT 5’ and 3’ flanks were included that
contain locus control regions conferring copy number-
dependent and position-independent transgene expression
(33, 34). Mouse work was performed in accordance with
National Institutes of Health guidelines.

Analysis of Tissues and Tumors. Tissues were routinely
fixed in 10% buffered formalin, paraffin-embedded, sectioned
at five microns, and stained with hematoxylin and eosin. For
electron microscopy, tissues were fixed in freshly prepared
glutaraldehyde. mHGF/SF was localized using a rabbit anti-
human polyclonal antibody as suggested by the manufacturer
(R&D Systems). In some cases, tumor classification was
confirmed with the aid of immunohistochemistry and/or
electron microscopy. Rhabdomyosarcomas were positively
identified by a-actin immunostaining (Dako). All amelanotic
melanomas were identified by their histomorphological ap-
pearance, which resembled melanomas found in rats (35), and
by positive immunostaining with S-100 (Sigma). In addition,
candidate melanomas were confirmed by positive immuno-
staining with HMB45, a monoclonal antibody reactive with
human immature melanosomes and melanoma tumor cells
(Dako), electron microscopy, and/or tyrosinase gene expres-
sion by Northern blot hybridization (not shown). Statistical
analysis of tumor incidence was by the Fisher’s exact test.

Analysis of RNA and DNA. HGF/SF transcripts were de-
tected by Northern blot hybridization using a PCR-generated
probe (33). Total tissue RNA was isolated as described (36),
and 20 ug were loaded per lane on an agarose gel to resolve
RNA transcripts. The HGF/SF cDNA probe was synthesized
by PCR as described (33). A mouse c-met cDNA hybridization
probe was prepared by PCR from a 1.5-kb EcoRI-EcoRI
fragment subcloned from the c-met cDNA clone C1 (37). On
occasion, the MT transgene promoter was maximally induced
by exposure to zinc, either in drinking water containing 25 mM
zinc sulfate or by injection of 10 mg/kg body weight zinc
chloride 5 hr before death. To control for RNA loading and
transfer variation, filters were routinely rehybridized with a
glyceraldehyde-3-phosphate dehydrogenase probe.

Amplification of c-met was assessed by Southern blot hy-
bridization. Genomic DNA samples were digested with EcoR1,
transferred to nitrocellulose, and probed with the 1.5-kb c-met
cDNA as described above.

Analysis of Met and Met Activation. Quantification of Met
and Met tyrosine phosphorylation was basically as described
(38). Five micrograms of whole tissue (wet weight equivalents)
were solubilized in RIPA buffer (50 mM Tris, pH 7.4/50 mM
NaCl/1.0% Triton X-100/5 mM EDTA/10 mM sodium py-
rophosphate/50 mM sodium fluoride/1 mM sodium or-
thovanadate/1 mM phenylmethylsulfonyl fluoride/10 ug/ml
leupeptin/10 pg/ml pepstatin/1 pg/ml aprotinin). Equivalent
amounts of cleared lysate were incubated with phosphoty-
rosine monoclonal antibody (Upstate Biotechnology, Lake
Placid, NY), control rabbit antibody, or anti-Met antibody
(Santa Cruz Biotechnology) for 2 hr. Following addition of
protein A-Sepharose CL4B, and washing in RIPA buffer,
samples were fractionated on reducing SDS/8% polyacryl-
amide gels. After electrophoretic transfer to Immobilon P
membranes, filters were blocked and then incubated with
anti-Met antibody overnight. Met was visualized by incubation
with anti-rabbit antibody conjugated to horseradish peroxi-
dase and by using enhanced chemiluminescence (Amersham).

RESULTS

Appearance of Diverse Histological Tumor Types in
HGF/SF Transgenic Mice. Mice have been generated in which
an HGF/SF transgene was overexpressed relative to the
endogenous gene by a factor of between 3- and 50-fold, as
described (33). Six independently derived lines of HGF/SF
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transgenic mice developed multiple tumor types between 2.5
and 20 months of age whose diversity was striking. Neoplasms
arose from cells of both epithelial and mesenchymal origin,
and from a wide range of tissues, including the skin, mammary
and olfactory glands, liver, and muscle (see Fig. 1, Tables 1 and
2 for details).

The most prevalent tumors arose in the female mammary
gland (Table 1). Forty-one percent of transgenic females over
6 months of age, virgin or parous, developed malignant
mammary tumors that were of two types: adenocarcinoma and
adenosquamous carcinoma. The latter had multifocal areas of
squamous metaplasia that closely resembled hair follicle tu-
mors (pilomatrixoma, Fig. 1E). Tumor incidence in the mam-
mary gland of the parent FVB/N line was very low, as reported
previously (40).

The skin, which potently expresses the HGF/SF transgene
(33) and contains many Met-expressing cell types (41), was a
particularly rich source of tumors. These included melanomas,
rhabdomyosarcomas, fibrosarcomas, squamous papillomas,
basal cell and hair follicle tumors. Twenty-one percent of
transgenic males over 6 months of age developed amelanotic
melanomas in the skin and subcutaneum (Table 1). Amela-
notic melanomas were diagnosed based on a combination of
histomorphology, immunohistochemistry, electron micros-
copy, and/or tyrosinase gene expression. Morphologically,
melanomas were either of epithelioid cell type similar to
pigmented melanomas in rats and other species or spindle cell
type resembling schwannomas with the Antonini type A
pattern as reported in albino Fischer 344 rats (35), or of a
mixture of both. One subcutaneous melanoma with such a
mixture (Fig. 1 4 and B) was particularly aggressive and highly
metastatic to multiple distant organs such as liver, pancreas,
spleen, epididymis, and lymph nodes, and was readily trans-
plantable to syngeneic FVB/N mice (data not shown). An-
other highly malignant tumor was a rhabdomyosarcoma that
arose in the peritoneum and was metastatic to the pancreas.

Coexpression of HGF/SF and Met in Tumors of Mesenchy-
mal and Epithelial Origin. Representative transgenic tumors,
described in Table 2, were subjected to molecular and/or
biochemical characterization. Fig. 24 shows that transgenic
HGF/SF RNA transcripts were abundant in most tumors
analyzed. Occasionally, more HGF/SF protein could be de-
tected in tumors relative to surrounding tissue; an HGF/SF-
positive liver tumor is shown in Fig. 1D. Endogenous c-met
transcripts were also present in most tumors examined. In
more than one-half of these tumors c-met RNA levels were
elevated, especially in the melanomas and the hemangiosar-
coma where transcript levels were dramatically enhanced (Fig.
2A4).

Met protein levels were analyzed by immunoprecipitation
and immunoblotting with anti-Met antibody. The p140 and
presumably nonproteolytically processed p170 forms of Met
protein were present in most tumors at levels that were
consistent with c-met RNA expression (Fig. 2B). Met was often
highly abundant, suggesting that Met overexpression is impor-
tant in tumor formation and/or progression in this transgenic
model system. Fig. 2C shows that in at least one rhabdomyo-
sarcoma (shown in Fig. 1C) a 3-fold amplification in c-met
contributed to strong overexpression.

Autocrine Met Activation as the Mechanistic Basis for
Tumor Formation in Diverse Transgenic Tissues. To investi-
gate the mechanism by which HGF/SF acted as an oncogenic
agent, we quantified Met tyrosine phosphorylation in various
tumors. Met association with tyrosine phosphorylation was
analyzed by immunoprecipitation with an anti-phosphoty-
rosine antibody followed by immunoblotting with anti-Met
antibody. Fig. 2B shows that in fact p140 Met was associated
with tyrosine phosphorylated complexes in most tumors. Ki-
nase activity roughly correlated with Met levels; the greatest
phosphorylation was associated with the metastatic melanoma
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FIG. 1. Aberrant morphogenesis and oncogenesis in HGF/SF transgenic mice. (4) Primary malignant amelanotic melanoma that metastasized
widely. Note whorling pattern and multiple mitotic figures (arrow). (B) Electron micrograph of a melanoma cell with numerous melanosomes
(arrowhead indicates a cluster). (C) Rhabdomyosarcoma that arose in the skin; note multiple mitotic figures (arrow). (D) Strong HGF/SF staining
in a liver tumor (t) relative to adjacent tissue (a). (E) Characteristic mammary adenosquamous carcinoma composed of both mammary and hair
follicle elements. (F)) Precocious development in transgenic virgin females of alveolar structures (arrow), which expressed casein and whey acidic
protein (G. Smith and G.M., unpublished data). (G) Normal ducts in nontransgenic virgin females. (H) Olfactory adenocarcinoma (t), which
obliterated one side of the nasal olfactory mucosa; unaffected but disorganized olfactory mucosa is indicated by the arrow. (/) Higher magnification
of the disorganized transgenic olfactory mucosa with degenerated epithelium, marked hypertrophy and hyperplasia of glands, and depleted nerves.
Malformation of the nerves was confirmed by immunohistochemical staining using an antibody to S-100 (data not shown). (J) Nontransgenic

olfactory mucosa. (4 and C, X400; B, X39,500; D, F, and G, X200; E, X100; H, X25; I and J, X630.)

and the rhabdomyosarcoma harboring amplified c-met. Kinase
activity in this rhabdomyosarcoma (tumor number 70) ap-
peared to be disproportionally high relative to expression of
HGF/SF and Met (Fig. 2B). Tyrosine phosphorylated p170
Met was not detectable in any tissue tested, consistent with
previous observations that this nonprocessed precursor does

not bind the HGF/SF ligand (42). Our results show that in this
in vivo model, diverse tumorigenesis was driven by an HGF/
SF-Met autocrine loop.

Transgenic Tissues Predisposed to Tumorigenesis Exhib-
ited Abnormal Development. Significantly, tumors frequently
arose from transgenic tissues exhibiting morphogenetic abnor-
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Table 1. Incidence of selected tumors in HGF/SF transgenic mice
Mouse Total Mean age, Mammary Amelanotic Rhabdo-
genotype mice months tumors melanomas myosarcomas
Female TG 27 152 41 11 (41%)* 1 (4%) 0(0%)
WT 29 13.0 £5.6 0 (0%) 0 (0%) 0(0%)
Male TG 42 153+ 4.1 0 (0%) 9 (21%)t 3 (7%)*
WT 25 17.3 £ 3.8 0 (0%) 0 (0%) 0(0%)

Tumor incidence is based on analysis of transgenic (TG) and wild-type (WT) mice >6 months of age.
In TG mice <6 months of age, 3% had melanomas and 5% rhabdomyosarcomas. The presence or absence
of tumors was based on gross inspection at necropsy. Tumors were classified by a variety of methods (see
Materials and Methods). Liver tumor incidence also was significantly enhanced in aged TG mice; those
data are presented elsewhere (39). Mean age is shown in months (=SD).

*Mammary tumors arose in both virgin and parous females, and include adenocarcinomas and
adenosquamous carcinomas with hair follicle and mammary gland elements (see text). P < 0.0005.

TOne of nine melanomas was metastatic to multiple organs. P < 0.05.

#One of these three rhabdomyosarcomas was metastatic to the pancreas.

malities, including muscle (rhabdomyosarcoma) and neural
crest (melanoma), which had already been shown to develop at
ectopic sites (33). In addition, the transgenic mammary gland,
which expressed high levels of HGF/SF RNA (33) and was
prone to the formation of adenocarcinomas and adenosqua-
mous carcinomas, demonstrated incomplete penetration of
ductal epithelium into the mesenchymal fat pad and preco-
cious formation of alveolar structures in virgin females (Fig. 1
F and G). Transplantation of fragments of HGF/SF transgenic
mammary epithelium into depopulated fat pads of FVB/N
nontransgenic mice resulted in the focal appearance of the
same atypical phenotype (G. Smith and G.M., unpublished
results), suggesting that the observed developmental abnor-
malities were at least in part intrinsic to the transgenic
mammary gland.

In all HGF/SF transgenic mice the structure of the olfactory
mucosa, which also demonstrated the potential to form tu-
mors, was found to be highly disorganized and to exhibit
marked degeneration; olfactory epithelial cells and nerve
bundles were often depleted, while olfactory glands became
more prominent (Fig. 17 andJ). Although more severe in adult
mice, similar changes were found in juvenile mice and in
neonates, suggesting that these abnormalities were develop-
mental in nature.

DISCUSSION

HGF/SF-Met autocrine signaling has been implicated in
oncogenesis since a number of tumors coexpress HGF/SF and

Met, and because Met autocrine activation can transform cells
in culture (19, 23, 24, 28, 29, 43-45). To strictly test this
correlation and to elaborate the oncogenic potential of
HGF/SF in vivo, we decided to employ transgenic mice as a
model system. In this study, we show that targeting expression
of an HGF/SF transgene to most tissue types induces the
development of a remarkably wide variety of histologically
distinct neoplasms of both mesenchymal and epithelial origin.
Moreover, most tumors coexpressed both HGF/SF and Met
and had Met kinase activity, indicating an association between
the creation of HGF/SF-Met autocrine loops and oncogen-
esis. This association was particularly compelling in the case of
the melanomas, which demonstrated very high expression of
both the HGF/SF transgene and c-met, and occasionally a
metastatic phenotype.

These results may have relevance to mechanisms associated
with the development of human cancer. Both human melano-
mas and rhabdomyosarcomas have been reported to overex-
press Met, which was correlated with tumor progression and
invasiveness (19, 20, 25). And although loss of heterozygosity
at chromosome 7q (to which genes encoding both HGF/SF
and Met map) has been correlated with human breast cancer
and with shorter patient metastasis-free and survival times
(46), coexpression of HGF/SF and Met has been detected in
breast carcinomas (23), and high levels of immunoreactive
HGF/SF in tumor extracts has been proposed to be an
important prognostic factor in breast cancer (21). Our trans-

Table 2. Characterization of representative tumors from HGF/SF transgenic mice

Tumor no. Age, months TG line Sex Histological classification Tissue of origin
1 10 37 M Amelanotic melanoma* Skin
4 12 22 F Adenocarcinoma Mammary
33 13 22 F Hair follicle tumor Skin
38 16 22 M Rhabdomyosarcoma Skin
39 18 22 F Adenosquamous carcinoma Mammary
40 12 22 F Adenosquamous carcinoma Mammary
41 17 37 M Amelanotic melanoma Exorbital
47 20 31 M Hemangiosarcoma Liver
62 5 19 F Fibrosarcoma Skin
70 4 37 M Rhabdomyosarcoma Skin
79 15 22 F Adenocarcinoma Mammary
82 14 18 M Fibrosarcoma Skin
91 14 22 M Adenocarcinoma Salivary
93 17 37 M Hepatocellular adenoma Liver
95 11 37 M Amelanotic melanoma Skin
99 14 27 F Adenocarcinoma Mammary

Description of tumors (identified by number) arising in HGF/SF transgenic (TG) mouse lines subjected to molecular and
biochemical analyses shown in Fig. 2. In addition to the tumor types listed above, the following were detected in one or more
HGF/SF transgenic mice: adrenal cortical adenoma, basal cell tumor, clitoral gland adenoma, harderian gland adenoma,
hemangioma, hepatocellular carcinoma, histiocytic sarcoma, metastatic lymphoblastic lymphoma, olfactory gland adenocar-
cinoma, squamous cell papilloma, and thyroid follicular cell adenoma. M, male; F, female.

*Malignant with metastases.
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F1G.2. Molecular and biochemical analyses of HGF/SF and c-met
in transgenic neoplasms. (4) Northern blot detection of transgenic
HGF/SF (Upper) and c-met (Lower) RNA transcripts in tumors and
normal tissue. Migration of 28S and 18S rRNAs are shown at left. (B)
Quantification of Met protein by anti-Met immunoprecipitation fol-
lowed by anti-Met immunoblotting (Upper) and Met kinase activity by
anti-phosphotyrosine (PY) immunoprecipitation followed by anti-Met
immunoblotting (Lower). Location of p140 and p170 forms of Met are
shown at left. Note greatly enhanced kinase activity associated with
rhabdomyosarcoma 70. Normal tissues: wtMa, wild-type mammary;
wtSkM, wild-type skeletal muscle; tgli, transgenic liver; tgMa, trans-
genic mammary. Neoplasms: HaFo, hair follicle tumor; Hem, heman-
giosarcoma; Mamm, mammary tumors; Melano, melanoma; Fibro,
fibrosarcoma; LiAd, liver adenoma; Rhab, rhabdomyosarcoma; SaAc,
salivary adenocarcinoma. The 1p, 1r, and 1m labels designate samples
from primary, recurrent (following resection), and metastatic mela-
noma number 1. (C) Amplification of c-met DNA in overexpressing
rhabdomyosarcoma 70 (lane b), but not in overexpressing mammary
adenocarcinoma 4 (lane c). (Lane a) Unamplified c-met sample.
Numbers throughout identify specific tumors (see Table 2).
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genic mice developed melanomas, rhabdomyosarcomas, and
mammary tumors, many characterized by the creation of
HGF/SF-Met autocrine loops, strongly supporting the notion
that deregulated Met signal transduction can play an important
role in human cancer. This conclusion is further supported by
a very recent report showing that expression of the tpr-met
oncogene induces mammary carcinogenesis in transgenic mice
47).

Met was highly abundant and active in many transgenic
tumors, suggesting that HGF/SF transgenic cells overexpress-
ing Met gain a selective growth advantage during tumor
formation and/or progression. We have shown that amplifi-
cation of the endogenous c-mef gene can contribute to receptor
overexpression in some neoplasms, as has been demonstrated
in human gastrointestinal tumors (22, 27). Alternatively, an-
other possibility is that elevated levels of HGF/SF itself induce
c-met overexpression, as has been described (48). Finally, the
disproportionally high levels of phosphotyrosine associated
with one rhabdomyosarcoma (tumor number 70, Fig. 2B) raise
the possibility that mutations in c-met elevate receptor kinase
activity. In contrast to the up-regulation of endogenous c-met
expression observed in HGF/SF transgenic tumors, liver and
mammary tumors that developed in transforming growth
factor o transgenic mice demonstrated unchanged or de-
creased epidermal growth factor receptor expression (49, 50).
This underscores the possibility that differential mechanisms
operate in creating specific ligand-receptor autocrine loops
associated with tumorigenesis.

Significantly, tumors often arose from transgenic tissues that
exhibited developmental abnormalities, raising the possibility
that the two phenotypes may be functionally related. Trans-
genic mice had ectopic skeletal muscle in the central nervous
system and inappropriate melanocyte localization to aberrant
sites, suggesting that HGF/SF helps regulate the migration
and/or differentiation of premyogenic and premelanocytic
cells during embryogenesis (33). Autocrine expression of
HGF/SF and Met is normally restricted to gastrulation and
early organogenesis in the mouse, occurring in some incom-
pletely differentiated migratory cell types including condens-
ing somites and neural crest (51). Forced autocrine Met
stimulation may therefore favor the maintenance of the un-
differentiated state in skeletal muscle and melanocyte precur-
sors, creating potential targets for malignant transformation
and leading to the development of rhabdomyosarcomas and
melanomas. Alternatively, cells that either migrate to or
develop at ectopic sites could be removed from their normal
milieu and any paracrine regulatory mechanisms associated
therein, encouraging abnormal growth and subsequent tumor-
igenesis.

As another example, the transgenic mammary gland, which
expressed high levels of HGF/SF RNA (33) and was prone to
tumor formation, exhibited incomplete penetration of ductal
epithelium into the mesenchymal fat pad and precocious
formation of alveolar structures containing cells with mitotic
figures in virgin females. Since endogenous HGF/SF and Met
are known to be expressed in the mammary fat pad and
epithelial cells, respectively (52), the perturbation of normal
morphogenesis observed in transgenic mammary glands
strongly suggests that HGF/SF helps mediate critical mesen-
chymal-epithelial paracrine communications during normal
glandular development which, when subverted by inappropri-
ate HGF/SF expression and autocrine Met activation, con-
tribute to uncontrolled cellular growth and oncogenesis. A
similar conclusion can be reached concerning the olfactory
mucosa, in which Met-containing epithelium also normally
develops in close proximity to HGF/SF-secreting mesenchyme
(9). The olfactory mucosa was highly disorganized in trans-
genic neonatal and adult mice, and characterized by epithelial
degeneration, nervous depletion, glandular hyperplasia and
hypertrophy, and adenocarcinoma formation.
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It has long been appreciated that neoplastic and undiffer-
entiated multipotent cells share important properties. Here we
show that HGF/SF overexpression induces the formation of a
broad spectrum of sarcomas and carcinomas demonstrating
autocrine Met activation, many arising from tissues exhibiting
striking developmental abnormalities. Our results underscore
the importance of paracrine signaling in regulating normal
cellular processes such as growth, differentiation, and migra-
tion, and demonstrate the pathological consequences of per-
turbing that signaling. Since analyses of both HGF/SF and
c-met null mice have been hampered by early embryonic
lethalities (13-15), our HGF/SF transgenic mice represent a
valuable tool to elucidate the underlying mechanisms of mes-
enchymal-epithelial interaction and their relationship to mor-
phogenesis and oncogenesis.

We thank Dr. Jennie Owens for electron microscopy; Drs. Jerrold
Ward, Jackie Pierce, Hiromi Sakata, Jeffrey Rubin, Ira Pastan, and
Gilbert Smith for useful discussions; Dr. Richard Palmiter for the MT
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